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Figure 5

Figure 5. Regions showing stronger response to voices relative to scrambled voices specifically
in the blind. For illustration purposes, activity maps are displayed at p(unc)< 0.001 with k > 10.
Mean activity estimates (arbitrary units + SEM) are plotted for voices and scrambled voices in
significant peaks. EB = early blind; SC=sighted controls; L=left; R=right; S=sulcus; G=gyrus. See
Table 5 for a list of brain regions depicted in this figure.
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Participant Age Gender Hand Residual Onset Etiology Educational Musical
Vision Level Expe.
EBO1 48 M R None 1y Glaucoma University Yes
EB02 44 M R DL 0 Leber’s congenital amaurosis University No
EBO3 60 F R None 0 Retinopathy of prematurity High school Yes
EB04 43 M R None 0 Retinopathy of prematurity High school Yes
10m (OS)
EBO5 36 F R None / 3.5y Retinoblastoma Cegep No
(OD)
EBO6 31 M R None 0 Leber’s congenital amaurosis University Yes
EBO7 55 M R None 2m Electrical burn of optic nerves High School No
EBO08 51 M R None 0 Glaucoma University Yes
EB09 45 M R None 0 Retinopathy of prematurity University Yes
EB10 31 F A(R) None 0 Retinopathy of prematurity High School No
EB11 51 M A(R) None 0 Major eye infection University Yes
EB12 62 M R DL 0 Congenital cataracts Cegep Yes
EB13 23 M R DL 0 Glaucoma and microphtalmia University Yes
EB14 28 M R None 0 Retinopathy of prematurity University Yes
EB15 57 F R None 0 Chorioretinal atrophy (Toxoplasmosis) Cegep Yes
EB16 58 F R None 0 Retinopathy of prematurity Cegep Yes

Table 1. Characteristics of the blind participants. Handedness was evaluated using an
adapted version of the Edinburgh inventory. Blind and sighted participants were classified as
musicians if they had practiced a musical instrument or had vocal training for at least 2 years on
a regular basis (at least 2 hours a week). A: Ambidextrous, M: male, F: female, m: months, y:
years, OS: left eye, OD: right eye, Cegep: two years of education between High school and
University.
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k X y z z p

Area (mm) (mm) (mm)

Between-groups (AND) conjunction: [V > SV] N [V > O]

R Superior Temporal S 39 62 -24 0 3.45 0.022
L Superior Temporal S 9 -60 -28 0 3.23 0.04

Between-groups (AND) conjunction: [O > SO] N [0 > V]

L Planum Temporale 1293 -50 -28 8 4.83 0.013*
L Transverse Temporal G -42  -34 18 4.80 0.014*
L Transverse Temporal S (A1) -42  -22 -2 4.79 0.015*
R Heschl's G (A1) 956 50 -26 10 4.65 0.026*
R Planum Temporale 46  -30 16 4.61 0.030*
R Planum Temporale 60 -36 16 4.02 0.003
L Inferior Frontal G (Orbital part) 176  -32 30 -8 4.28 0.001
L Inferior Frontal G (Triangular part) 367 -46 40 12 4.18 0.002
L Inferior Temporal S 283 44 50 -12 4.02 0.003
L posterior Middle Temporal G -54  -60 2 3.96 0.004
L Collateral S (Fusiform G) 81 -26 -38 -18 4.35 0.001
L Fusiform G 22 36 -26 -22 3.36 0.025

Between-groups (AND) conjunction: [SV > SO]

R Superior Temporal S 135 60 -24 0 3.47 0.016
L Superior Temporal S 197 -60 -14 3.70 0.008
-66  -22 4 3.51 0.014

N

Table 2. Categorical responses to voices and object sounds common to blind and
sighted, and responses to low level properties of voices common to blind and sighted.
Voice and object selective regions are depicted in Figure 2. Coordinates reported in this table
are significant (p < 0.05 FWE) after correction over small spherical volumes (SVC) or over (%) the
whole brain. K represents the number of voxels when displayed at p (unc) < 0.001. V: voices; O:
objects; SV. scrambled voices; SO: scrambled objects; L = left; R=Right; G=Gyrus; S=Sulcus.
Coordinates used for SVC are as follows (in MNI space): R Superior Temporal S: [60 -32 4]
(Gougoux et al. 2009); L Superior Temporal S: [-64 -28 2] (Gougoux et al. 2009); R Planum
Temporale: [62 -44 10] (Lewis et al. 2011); L Collateral S: [-28, -26 -26] (He et al. 2014); L
Inferior Frontal G (Triangular): [-61 30 3] (Noppeney et al. 2003); L Inferior Frontal G (Orbital
part): [-28 34 -6] (Bar et al. 2001); L Posterior MTG/ITG: [-52 -58 -6] (Peelen et al. 2013).


https://doi.org/10.1101/143776
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/143776; this version posted May 30, 2017. The copyright holder for this preprint (which was not
certified by peer review) Is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

k x y z z P
(mm) (mm) (mm)

Area

Shape selective regions in vision: [O > SO]

L Collateral S 13013 -34 -34 -18 5.76 <0.001*
L Fusiform G -46  -54  -18 5.41 0.002*
L Fusiform G -38  -46 -10 4.96 0.015*
L Inferior Occipital G -46  -82 -6 5.64 0.001*
L Inferior Occipital G -56 -66 -14 4,98 0.013*
L Angular G -48  -70 24 477 0.030*
R Inferior Temporal G 8510 50 -70 -10 5.53 0.001*
R Parahippocampal G 32 -24 -22 552 0.001*
R Middle Temporal G 52 -74 4 524 0.005*
R Middle Temporal G 58 -14 -18 5.30 0.004*
L Superior Frontal G 5739 -18 -66 6 5.42 0.002*
L Inferior Frontal G (Orbital part) -48 42  -18 4.98 0.013*
L Inferior Frontal G (Orbital part) -38 34 -14 4.89 0.019*
L Inferior Frontal G (Orbital part) -30 30 -10 4.66 0.046*
L Superior Frontal G -4 42 36 4.86 0.021*

Object selective regions in vision: [O > SO] N [F > SF]

L Collateral S 1295 -32  -34 -18 5.75 0.000*
L Fusiform G -30  -50 -14 4.67 0.044*
R Collateral S 809 28 -26 -22 5.20 0.005*
R Fusiform G 30 -46 -12 4.75 0.032*
L Angular G 633 -38 -76 38 3.99 0.005
L Angular G -42  -82 22 3.51 0.032
L posterior Middle Temporal G 360 -58 -58 -6 4.29 0.002
L Inferior Temporal G -56 -60 -10 4.16 0.003
L Inferior Frontal G (Orbital part) 148  -30 38 -10 3.77 0.010

Table 3. Visually responsive regions in the sighted. Object selective regions are depicted in
Figure 3B. Coordinates reported in this table are significant (p < 0.06 FWE) after correction over
small spherical volumes (SVC) or over (¥) the whole brain. K represents the number of voxels
when displayed at p (unc)< 0.001. F: faces; O: objects; SF: scrambled faces; SO: scrambled
objects; L = left; R=Right; G=Gyrus; S=Sulcus. Coordinates used for SVC are as follows (in MNI
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space): L Inferior Frontal G (Orbital part): [-28 34 -6] (Bar et al. 2001); L Posterior MTG/ITG: [-52
-58 -6] (Peelen et al. 2013), L Angular G: [-48 -70 31] (Fairhall and Caramazza, 2013).
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Area k X y z V4 p X y z V4
(mm) (mm) (mm) (mm) (mm) (mm)
Between-group effects: [EB > SC] Main effect in EB
[0 > SsO0] [0 > SO]
L Inferior Occipital G 7443 -26 -92 6 5.46 0.001* 20 -94 6 5.35 0.001*
L Middle/Inferior Occipital G -36 -82 0 5.45 0.001* -32 -84 -4 5.14 0.003*
L Fusiform G -36 -68 -14 4.86 0.011* -34 68 -18 5.82 <0.001*
R Inferior OTC 6075 38 -66 -4 4,75 0.018* 38 -66 -6 4.54 0.039*
R Inferior Occipital G 36 -84 0 4.57 0.035* 34 -82 -4 4,52 0.043*
R Fusiform S 34 -54 -16 4.52 0.042* 38 -56 -20 5.31 0.002*
[0 > V] [0 > V]
L Middle Occipital G 15494 -26  -92 4 5,57 <0.001* 24 -94 8 5.39 0.001*
L Middle/Inferior Occipital G -28 -78 -4 5.32 0.001%* -26 -78 -4 5.54 0.001*
L Superior Occipital G 26 -94 26 5.22 0.002* 26 -94 24 5.34 0.001*
[O >S0O]N[O>V] [O >S0O]N[O>V]
L Middle Occipital G 5582 -26  -92 6 5.46 0.001* 24 -94 6 5.31 0.001*
L Middle/Inferior Occipital G -36 -82 -2 5.21 0.002* -30 -80 -6 5.14 0.003*
L Lingual G 20 -74 0 4.49 0.047* 20 -72 2 4.83 0.013***
R Inferior OTC 4821 38 -66 -4 4,75 0.018* 38 -72 4 460 0.031*
R Inferior Occipital G 36 -80 -2 4.40 0.001 36 -76 -4 4,15 0.002
R Middle Occipital G 40 -86 10 4.29 0.001 40  -82 10 3.75 0.008

Table 4. Categorical responses to object sounds specific to the blind. Object selective
regions specific to the blind are depicted in Figure 4. For each region significant in the between-
group contrasts (left-hand table), corresponding coordinates significant in the main effect in the
blind are listed in the right-hand table. None of these regions were activated in the sighted,
indicating that the between-group effects (blind > sighted) are driven by these regions being
responsive only in the blind. Two regions (underlined in the left-hand table) showed selective
deactivation in the sighted, thus contributing to the between-group effects observed in the R
inferior OTC [34 -68 4] (z = 3.21) and in the L Middle Occipital G [-24 -84 6] (z = 3.25).
Coordinates reported in this table are significant (p < 0.05 FWE) after correction over small
spherical volumes (SVC) or over (*) the whole brain. K represents the number of voxels when
displayed at p (uncorr)< 0.001. EB: early blind; SC: Sighted controls; V: voices; O: objects; SV:
scrambled voices; SO: scrambled objects; L = left; R=Right; G=Gyrus; S=Sulcus, OTC =
occipito-temporal cortex. Coordinates used for SVC are as follows (in MNI space): R Middle
Occipital G: [44 -74 8] (Gougoux et al. 2009).
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k X Y z z P X Y z z P
Area
(mm) (mm) (mm) (mm) (mm) (mm)
Between-group effects: [EB > SC] Main effect in EB
[V > sV] [V > ScrV]
L Lateral Occipito-Temporal S 147 -40 -50 -10  3.89 0.006 -40 -50 -10 5.96 <0.001*
L Fusiform G -36 -44 -22 3.40 0.025 -40 -50 -10 5.96 <0.001*
R Fusiform G 75 32 -62 -20 3.50 0.019 32 -62 -22  4.54 <0.001*
[V > 0] [V > 0]
no significant voxels no significant voxels

Table 5. Voice-selective regions specific to the blind. These regions are depicted in Figure
5. For each region significant in the between-group contrast (left-hand table), corresponding
coordinates significant in the main effect in the blind are listed in the right-hand table. None of
these regions were activated or deactivated in the sighted, indicating that the between-group
effects (blind > sighted) are driven by these regions being responsive only in the blind. Note that
when contrasting voice to object sounds, no regions showed higher responses in the blind
relative to the sighted. Coordinates reported in this table are significant (p < 0.06 FWE) after
correction over small spherical volumes (SVC) or over (*) the whole brain. K represents the
number of voxels when displayed at p (uncorr)< 0.001. EB: early blind; SC: sighted controls; V:
voices; O: objects; SV: scrambled voices; SO: scrambled objects; L = left; R=Right; G=Gyrus;
S=Sulcus. Coordinates used for SVC are as follows (in MNI space): L Fusiform/Inferior
Temporal G: [-46 -48 -16] (Gougoux et al. 2009); R Fusiform G: [34 -52 -16] (Gougoux et al.
2009).
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k X Y z z p

Area (mm) (mm) (mm)

PPI [EB > SC] x [V > O]

Seed areas in voice-selective regions common to EB and SC

L Superior Temporal Sulcus [-60 -28 0]
R anterior Fusiform G 2 42 -46 -8 3.24 0.041

R Superior Temporal Sulcus [62 -24 0]
No significant voxels

PPI [EB > SC] x [0 > V]

Seed areas in object selective regions common to EB and SC

L Tranv Temp Sulcus (A1) [-42 -22 -2]
L Inf Occipit G 1 -44 -74 -14  3.11 0.056#

L Tranv Temp G [-42 -34 18]
L Fusiform 12 -34 -62 -16 3.88 0.006
L Inf Occipit G 9 -44 -76 -14  3.34 0.032

R Planum Temp [46 -30 16]
R anterior Fusiform G 1 46 -38 -20 3.18 0.052#

L Inf Frontal G [-32 30 -8]
L posterior Fusiform G 101 -38 -66 -14  3.79 0.007

L Inf Frontal S [-46 40 12]
L posterior Fusiform G 160 -34 -68 -12 3.71 0.011
R anterior Fusiform G 5 36 -34 -24  3.16 0.05#

L pMTG [ -54 -60 2]
R anterior Fusiform G 7 40 -36 -22 3.8 0.008
L posterior Fusiform G 19 -38 -66 -14 3.57 0.017

L Inferior Temporal S [-44 -50 -12]
L posterior Fusiform G 37 -38 -64 -14  3.87 0.006
L Inf Occipital G 6 -38 -80 -10 3.22 0.044


https://doi.org/10.1101/143776
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/143776; this version posted May 30, 2017. The copyright holder for this preprint (which was not
certified by peer review) Is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

PPI [EB > SC] x [0 > V]

Seed areas in object selective regions specific to EB

L Middle Occipital G [-26 -92 6]

L posterior Fusiform G 178 -36 -64 -12 4.07 0.003
R anterior Fusiform G 14 44 -38 -20 3.48 0.021
R Planum Temporale 30 50 -36 4 3.80 0.008
R Middle Occipital G 19 50 -74 0 3.46 0.022

L Inferior/Middle Occiptal G [-36 -82 -2]

R Inferior Occipital G 14 50 -74 2 3.94 0.005
L Inferior Temporal/
Fusiform G 112 -46 -68 -6 3.82 0.008

R Middle Occiptal G [40 -86 10]
L posterior Fusiform G 202 -34 -64 -16 4.12 0.002
R Planum Temporale 84 52 -34 8 4.11 0.002

R Middle/Inferior Occiptal G [36 -80 -2]
L posterior Fusiform G 13 -36 -66 -16 3.27 0.038

Table 6. Regions showing increased functional connectivity with specific seed areas as a
function of experimental condition (O > V and V > O) and group (blind > sighted). Seed
areas are the ones resulting from the activation analyses (depicted in Figure 2A, 2B and
4A). Regions showing increased connectivity with these seed areas are listed in this table
and are depicted in Figure 2D and Figure 4B. Coordinates reported in this table are significant (p
< 0.05 FWE) after correction over small spherical volumes (SVC). Marginally significant clusters
are indicated with (#). EB: early blind; SC: sighted controls; V: voices; O: objects; L = left;
R=Right; G=Gyrus; S=Sulcus; pMTG: posterior middle temporal gyrus. Coordinates used for
correction over small spherical volumes are as follows (in MNI space): R Fusiform G: [40 -36 -
10] (Hélig et al. 2014); L Fusiform G: [-36 -63 -18] (Noppeney et al. 2003); L Inferior Occipital G:
[-36 -81 -15] (Noppeney et al. 2003); R Planum Temporale: [62 -44 10] (Lewis et al. 2011); R
Middle Occipital G: [44 -74 8] (Gougoux et al. 2009)
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